SUMMARY.-The indirect immunofluorescence technique demonstrated that human alpha fetoprotein (AFP) was present in a focal pattern in the cytoplasm of malignant liver cells of patients whose sera contained AFP. A few fibroblastlike cells in tissue culture of liver biopsies from patients with hepato-cellular carcinoma and AFP in their sera also had the protein. The intracellular localisation of human AFP was confirmed by centrifugation of washed, homogenised and ultra-sonically disrupted neonatal liver cells. Examination of livers of fetuses and neonates showed that AFP was present predominantly in the periportal parenchymal cells.
ALPHA fetoprotein (AFP) is known to be secreted by the fetal liver of mice, rats and man (Abelev and Bakirov, 1967; Luria et al., 1969; Van Furth and Adinolfi, 1969) . It is produced by transplantable mouse hepatoma (Irlin et al., 1966) . Tatarinov (1965a) demonstrated the appearance of AFP in the serum of some patients with primary liver cell carcinoma and teratocarcinoma. Using the agar double diffusion technique, less than 50% of hepatocellular carcinomas in Europe and between 70 and 80% in some parts of Africa were shown to produce serum AFP (Foli et al., 1969; Sankale et al., 1970) . Why some hepatomas secrete AFP and others do not is unknown. In this study, an attempt has been made to localise the site of production of AFP by immunofluorescence and at the subeellular level by centrifugation. The sensitivities of the immunofluorescent and the Ouchterlony techniques have also been compared.
MATERIALS AND METHODS
Liver.-Portions of liver from a 28 weeks aborted fetus, a 5 hours autopsied neonate, eight necropsied patients five of whom had AFP in their sera, were fixed in 10% formalin for conventional histology. Other portions from each source were snap-frozen in liquid nitrogen and stored at -70°C. These tissues were obtained within 48 hours of death and stored for up to 1 week in some cases before use.
Antiserum.-Rabbit antiserum to human AFP was obtained by the method of Masopust et al. (1968) . It was made monospecific according to the method of . The total globulin from 10 ml. of the monospecific rabbit antiserum was precipitated with 10 ml. of saturated (NH4)2SO4. (Zuckerman, 1970, personal communication) , were harvested. The harvested slides and coverslips were washed with PBS for 2 hours and dried overnight at RT (25°C.). The same procedure of indirect immunofluorescent staining as described above was applied. The complete medium and its individual components were tested against rabbit antiserum by double diffusion in agar. No precipitin lines were produced even after ten fold concentration.
The origin of the liver biopsies cultured were from patients with diseases shown in Table I . At the time of examination the cells had been in culture for varying periods as shown also in Table I .
Homogenisation.-Fragments of 20 g. fetal liver were cut into small pieces and washed with PBS until free of visible blood. The pieces of tissue were homogenised with 5 ml. PBS in a hand glass homogeniser. Part of the homogenate was centrifuged at 750 g and RT for 5 minutes. Three zones were obtained. The upper two were greyish and the deposit red. The first two zones were pooled (1968) . The zones obtained were concentrated a ten fold by ultrafiltration and tested for AFP by double diffusion.
RESULTS
Imm unoftuorescence (a) Cryostat sections.-In the fetal and neonatal liver most of the immunofluorescence was periportal in localisation. All the hepatocytes of the limiting plate, one or two cells thick, around the portal tract showed fluorescence. Only occasional hepatocytes showed fluorescence in other parts of the liver lobule. The fluorescence in each positive cell was homogeneous and limited to the cytoplasm (Fig. 1) . In the liver of AFP seropositive hepatocellular carcinoma, fluorescence was patchy in distribution. It was present either in single cells or in a clump of cells usually not more than five in a neoplastic area. In a low power field (x 70 magnification) the total number of fluorescent cells was never more than 20% of all the cells seen in the field. The fluorescence was also homogeneous and cytoplasmic as in fetal cells. There was no fluorescence in any hepatocyte from AFP negative hepatocellular carcinomas or the livers of those that died of other diseases (Fig. 2) . Furthermore there was no fluorescence in the non-malignant hepatocytes of the AFP positive primary liver cell carcinomas. Sometimes fluorescence along the sinusoids focally in both the controls and hepatoma patients was seen (Fig. 2) . Some cytoplasmic granular orange autofluorescent spots were sometimes seen in the cytoplasm of the non-malignant hepatocytes (Fig. 2) .
(b) Tissue culture.-There was marked fluorescence of the extracellular granular debris which presumably was not removed by washing. There was cytoplasmic staining of a few fibroblast-like cells only in AFP positive hepatocellular carcinoma cultures but the numbers were very few, only one or sometimes none being seen per low power field (Fig. 3) Morphologically all the cells were fibroblast-like (Fig. 4) . Cultures from the malignant tumours showed greater variation in cell size with slightly more mitotic figures. The large sometimes multinucleated brownish granular cells seen with the phase contrast microscope in the first few weeks of culture could not be identified by immunofluorescence. They were seen after staining with Giemsa in some of the slides.
The supernatants from the culture chambers of these cells, collected over various intervals during feeding and before this experiment, were tested without concentration by the double diffusion technique. No precipitin lines were seen in any. Further studies on the concentrated supernatants are presently in progress.
Homogenate of neonatal liver
The homogenate and supernatant I gave precipitin lines with rabbit antiserum to human AFP. Phase contrast microscopy of supernatant I showed many intact cells, free nuclei and organelles that appeared as granules. On centrifuging at 800 g and 40 C. for 30 minutes, the cells were sedimented and the supernatant clear. On sonication and centrifugation at 800 g and 40 C. for 30 minutes, three zones were obtained: namely-a clear supernatant with organelles and cell membrane fragments, a middle white nuclear zone and a deposit of a few intact cells and debris. Ten-fold concentration of the three zones and testing of each gave a precipitin line only with the supernatant. A similar experiment on a control liver from an adult patient who died in a road accident failed to give any precipitin line. It has been demonstrated that liver cells synthesize AFP. Irlin et al. (1966) used tissue culture cells of transplantable ascitic hepatoma and double diffusion. Abelev and Bakirov (1967) (Popper and Schaffner, 1957; Hadziyannis et al., 1969) . It is therefore also interesting to find AFP, whose molecular weight is close to that of albumin, being synthesised in liver cells per se and not in the reticular cells of the liver.
Because of the transient nature of AFP, its site of production at the subcellular level may differ from that of the more persistent proteins. Our experiments only confirm the intracellular presence of AFP.
Gitlin and Boesman (1967) and Van Furth and Adinolfi (1969) observed that AFP is at its maximum concentration in the fetus of 20 weeks gestation. Several possibilities could account for this. There may be more cells producing AFP at this time with gradual depletion of these specific cells as the fetus grows. It may be that the metabolic activity of the fetus is maximum as this period. The larger size of the fetus as it grows older may cause a relative dilution of AFP. Irlin et al. (1966) observed that during the early stages of cultivation of mouse transplantable ascitic hepatoma, AFP, albumin and B 2-1 globulin were demonstrated in the tissue culture medium for up to 13 weeks. In the course of subsequent cultivation, the production of AFP ceased in 16 weeks while albumin and B 2-1 globulin were present in the medium during the whole period of cultivation which was up to 69 weeks. In our experiments human AFP was detectable in the cultured cells by immunofluorescence 50 days after primary cultivation. The rate of catabolism of AFP is unknown. It is possible that some of the AFP detected may be the remnant in the originally explanted cells rather than AFP that is freshly synthesized. Work is in progress to find out how long AFP secretion can persist in vitro. Irlin et al. (1966) also found that transplantation of some mouse ascitic hepatoma that had stopped secreting AFP in vitro into a new set of mice reactivated its synthesis in vivo.
Although Gitlin and Boesman (1967) and Van Furth and Adinolfi (1969) showed that AFP is not produced by other fetal tissues apart from the liver, a confirmation of their findings by the immunofluorescent technique is warranted. This was not done during this study.
The indirect immunofluorescent technique is as sensitive as the double diffusion method for the detection of AFP. Whether it is more sensitive is difficult to say from this study because of the small numbers involved. However, from the small percentage of AFP secreting cells, a false negative result could be obtained by sampling error especially from needle biopsy specimens.
It is well known that serum proteins can leak passively into cells after cell death (Kent, 1969) . Most of this work was done on autopsy material and this could be said to account for the fluorescence seen. The striking distribution of specific fluorescence in the fetal and neonatal liver, the presence of fluorescent hepatocytes in two liver biopsies from live AFP positive hepatoma patients, and the presence of AFP in tissue culture cells from similar patients strongly suggest that the AFP detected was synthesised by the cells. 
